Unacylated Ghrelin (UnAG)
Peripheral arterial disease (PAD) is a major clinical problem and a significant health care cost worldwide [1] . PAD is the result of a progressive occlusion of the peripheral arteries driven by atherosclerosis [2] . This, in turn, leads to a gradual reduction of blood supply to the limb and the occurrence of symptoms ranging from intermittent claudication to critical limb ischemia [3] . Moreover, as PAD remains under-diagnosed for many years, muscle damage and ulceration are commonly found. PAD is a common vascular complication in diabetic individuals [4] and its incidence and prevalence are expected to increase due to the spread of diabetes and an aging population [5] . In particular, diabetic patients have a high risk of developing PAD which is more severe and diffuse than in nondiabetic patients [4] . Moreover, the presence of PAD in these patients is associated with an increased morbidity and mortality for cardiovascular diseases [1, 4] . The impaired blood supply to the ischemic limb and the persistence of an oxidative environment are crucial determinants of skeletal muscle damage in PAD [6] . This is particularly true for diabetic patients with PAD where the impaired oxygen availability further increases the number of dysfunctional mitochondria [6, 7] ultimately resulting in a vicious cycle. Indeed, it has been reported that superoxide-dismutase-2 (SOD-2), the primary enzymatic antioxidant defence against ROS production, is deficient in human PAD muscles [6, 8] . This implies that targeting ROS generation or improving the initial line of defence against oxidative stress might support cellular functions, thus resulting in improved long-term outcomes. As a proof of concept, antioxidant administration recovers mitochondrial dysfunction and muscle function in humans [9] . So far, surgical or endovascular procedures are considered the primary treatment options commonly approved for PAD patients with serious functional impairments [10] . Early PAD diagnosis and timely revascularization is crucial to limb salvage and improved patient outcomes [1, 10] . However, even if successful, the majority of patients, particularly diabetics, complain of recurrent symptoms [11] . This implies that, in diabetics and in an aging population with an increasingly high incidence of diabetes, new therapeutic options for PAD are needed [12] Therapeutic options, mainly based on angiogenic growth factor delivery or stem cell-based therapy, have been proposed [13] [14] [15] . However, data obtained in clinical trials with diabetic patients are still inconclusive [4, 10, [16] [17] [18] . The incomplete response of targeted therapies has driven the development of alternative strategies. Thus far, particular attention has been devoted to develop and test the clinical impact of new therapeutics able to interfere with ROS generation or improving the anti-oxidant machinery [19] . Based on the above considerations, we have recently developed a therapeutic protocol targeting ROS generation and tested its efficacy in a preclinical model of PAD [20] . The protocol was based on the use of the unacylated ghrelin (UnAG). Ghrelin is a small peptide predominantly produced by the stomach [21] that circulates in two different forms: the acylated (AG) and unacylated (UnAG) form [21] . UnAG represents the most abundant circulating ghrelin form [22] . Unlike AG, UnAG does not bind to the Gq-coupled growth hormone (GH) secretagogue receptor type 1a (GHSR1a) [23] , thus lacking AG neuroendocrine activities [22] . While both UnAG and AG protect vascular cell from apoptotic signals through a common receptor [24] , they exert distinctly different biological actions in neonatal cardiomyocytes [25] . UnAG, but not AG, protects endothelial progenitor cells (EPCs) from ROS-mediated damage in diabetic setting [26, 27] . We have previously demonstrated that UnAG, unlike AG, by regulating Rac1, prevents senescence and was able to revert diabetesassociated EPC functional impairment [26] . Moreover, we demonstrated that only in diabetic patients UnAG, by restoring eNOS activity via Akt-mediated phosphorylation, improves EPC bone marrow mobilization resulting in a strong increase in the number of circulating cells [26] . Besides acting on vascular cells, UnAG is also able to protect muscles from ischemia-induced tissue damage [20] . Following ischemia, a population of resident stem cells, the satellite cells (SCs), move from quiescence and undergo proliferation to regenerate the damaged muscle [28] . A precise transcriptional regulation involving MyoD and the myogenic regulatory factor Myf5 controls SC proliferation/differentiation [29] . We demonstrated that UnAG promotes SC proliferation and terminal differentiation in mice subjected to hind-limb ischemia that result in a low damage score. In particular, we found that UnAG administration increases the number of Pax-7+/MyoD+ cells in the ischemic muscles [20] . Moreover, we found that the protection against tissue damage exerted by UnAG mainly depends on its effect on SOD-2 expression. As a proof of concept the formation of TBARS was significantly lower in muscles recovered from UnAG-treated mice compared to those from AG and saline mice [20] . Consistently, ex-vivo experiments performed in SCs isolated from mice subjected to UnAG treatment, displayed lower intracellular ROS content and higher SOD-2 protein expression compared to control animals [20] . Again, as a proof of concept, silencing SOD-2 prevents UnAG-mediated SC proliferation/ differentiation upon ischemia. Skeletal muscle regeneration is under the control of post-transcriptional mechanisms mainly involving small-non coding microRNAs (miRs) [30] [31] [32] . Recently different families of miRs have attracted particular interest, and among them miR221/222 [33, 34] . At this regard we found that, besides regulating endothelial cell fate [35, 36] , miR221/222 are involved in UnAGinduced skeletal muscle regeneration following ischemia. In particular, we demonstrated that the expression of miR-221/222 was significantly increased in SCs recovered from muscles of UnAG-treated mice [20] .
The Cip/Kip family members p27Kip1 and p57Kip2 are known to be regulated by miR221/222 in different pathological contexts [35, 36] . Likewise, we found that p57Kip2, but not p27Kip1, is posttranscriptionally controlled by miR221/222 upon UnAG treatment. The role of miR221/222 in mediating UnAG action in this particular pathological setting was further validated by in vivo gain-of-function experiments. Indeed, we found that miR221/222 administration recapitulates skeletal muscle regeneration upon ischemia even in the absence of UnAG. Of interest siRNA technology led us to demonstrate the crucial role of SOD-2 in the control of miR221/222 expression following ischemia (Figure 1 ) [20] . At present the number of patients eligible for revascularization are negligible and current surgical or endovascular approaches are associated with increased perioperative complications [10] . This is particularly true in diabetic individuals for whom, in many cases, amputation remains the main option. This implies that alternative therapeutic approaches, based on the use of naturally occurring molecules able to protect muscle from ROS-mediated damage, might represent a valuable choice. In addition, as UnAG specifically improves the efficacy of the anti-oxidant machinery, further efforts should be directed to test its clinical benefits in pathological conditions denoted by ROS-mediated damage.
